Background: Sleep Hygiene Index (SHI) was designed to assess sleep hygiene. Although the SHI has shown adequate psychometric properties in a nonclinical sample, it has not been validated in a sample with chronic pain. Also, its factor structure, measurement error, and incremental validity over and above other factors affecting sleep quality have not been investigated in a nonclinical sample. Thus, this present study aimed to extend prior psychometric investigation of the SHI. Specifically, we evaluated the factor structure, measurement error, and incremental validity as well as the reliabilities and concurrent validity of the SHI in a sample with chronic pain.
Background
Poor sleep quality has been known as one of the most common complaints in patients with chronic pain (PCP) [1, 2] . According to the National Sleep Foundation [3] , approximately two-thirds of PCP suffer from poor sleep quality and their relative prevalence of poor sleep quality is four times that of the general population. Findings from earlier studies have indicated that poor sleep quality is linked to a wide range of deleterious outcomes, such as greater pain, emotional distress, and physical and psychosocial disability [4] [5] [6] . In particular, persistent pain can impair sleep quality and impaired sleep quality can also lower pain tolerance, which can result in amplified sensations of pain. These reciprocal causal relations often lead PCP to fall into a vicious cycle [7] [8] [9] . Given these, it is reasonable to assume that effective pain management should enhance sleep quality to break the vicious cycle before it produces even worse problems.
Poor sleep quality in PCP has been reported to correlate with pain [10] and emotional distress [10, 11] . Other than these factors, poor sleep quality in PCP may be also associated with behavioral and environmental factors such as poor sleep habits (referred to as sleep hygiene) [12] . Sleep hygiene refers to the daily practices, habits, and environmental factors that are necessary for improving the quality of a night-time sleep [13] . As pain becomes prolonged and persistent, PCP is more likely to develop poor sleep hygiene. For example, it is not uncommon that PCP stay inactive and rest in bed most of the day and exhibit irregular sleep-wake schedules [14] . Although the role of sleep hygiene on sleep quality has not been established in PCP, sleep hygiene is one of the first things to check when they complain about poor sleep quality [15] .
There are, to our knowledge, three primary instruments designed to assess sleep hygiene: the Sleep Hygiene Awareness and Practice Scale (SHAPS) [16] , the Sleep Hygiene Self-Test (SHST) [17] , and the Sleep Hygiene Index (SHI) [18] . The first two instruments have been found to have relatively low internal consistency (Chronbach's alphas = .47 for the SHAPS and .54 for the SHST), compared to the SHI (Chronbach's alpha = .66). Moreover, these two instruments appeared to be developed with absence of clear rationale for item selection [18] , while the SHI was developed from the diagnostic criteria for inadequate sleep hygiene as defined in the International Classification of Sleep Disorders [19] . The SHI has shown moderate internal consistency and good 2-week test-retest stability (r = .71, p < .001) and been associated with sleep quality and daytime sleepiness in a nonclinical sample [18] . Although the SHI has shown adequate psychometric properties in a nonclinical sample, it has not been validated in a sample with chronic pain. Also, its factor structure, measurement error, and incremental validity over and above other factors affecting sleep quality have not been investigated in a nonclinical sample. Thus, this study aimed to 1) determine the factor structure of the SHI and 2) examine reliability, measurement error, and concurrent and incremental validity of the SHI over and above background variables, pain, and emotional distress (i.e., depression and pain-related anxiety) in PCP. As evidence for concurrent validity, poorer sleep hygiene is expected to significantly correlate with greater pain intensity, greater depression, greater pain-related anxiety, and lower sleep quality.
Methods

Participants
A total of 161 patients seeking treatment in a tertiary pain center located in Seoul, Korea participated. The sample was assessed at two time points, to examine test-retest stability over a 2-week interval of the SHI. After the patients completed an appointment at the pain center, volunteers were asked to complete the questionnaire packet in a private room. They also were provided with the identical questionnaire packet and a stamped addressed envelope for a second administration. They were instructed to take the packet to their home, complete and mail it back to the center after 2 weeks. One hundred thirteen patients (70%) completed the packet at time 2. Table 1 presents demographic characteristics of the sample. All data were collected and analyzed with approval by the Institutional Review Board (Seoul St. Mary's Hospital) and informed consent by participants.
Translation
The two Korean speaking clinical psychologists (one who specialized in chronic pain and was aware of the objective of the SHI; the other was not) separately translated the SHI into Korean. Any inconsistencies were adjusted based on the agreement between them. Then, a Korean-English bilingual graduate student who had no knowledge of the SHI back-translated it into English. The back-translation version was reviewed by one of the original authors of the SHI and revised accordingly. The pre-final version of the SHI was tested by 5 patients with chronic pain. Each patient was asked to complete the SHI and to provide feedback regarding the wording and meaning of the each item of the SHI. Thus, the pre- final version of the SHI was finally revised based on their feedback.
Measures
Demographic information was first obtained from a questionnaire. Items included age, sex, marital status, education level, and pain-related questions such as pain duration, pain-related medication, most significant pain site(s), and pain intensity. Pain intensity was measured by averaging present, usual, lowest, and highest pain during the past week, on a 0 (no pain) to 10 (worst possible pain) numeric rating scale (NRS). Total scores range from 0 to 10, with higher score representing worse pain. The NRS has been shown to have adequate reliability and validity in pain research [20] . The Sleep Hygiene Index (SHI) [18] is a 13-item selfreport measure designed to assess the practice of sleep hygiene behaviors. Each item is rated on a five-point scale ranging from 0 (never) to 4 (always). Total scores range from 0 to 52, with a higher score representing poorer sleep hygiene. SHI has shown adequate reliability and validity [18] .
The Center for Epidemiologic Studies Depressed Mood Scale (CES-D) [21] is a 20-item self-report measure designed to assess depressive symptoms. Each item is rated on a four-point scale ranging from 0 (rarely or none of the time) to 3 (most or all of the time). Total scores range from 0 to 60, with a higher score representing greater depression. This study used a Korean language version of the CES-D which has been shown to have adequate reliability and validity [22] .
The Pain Anxiety Symptoms Scale-20 (PASS-20) [23] is a 20-item self-report measure designed to assess painrelated anxiety. Each item is rated on a six-point scale ranging from 0 (never) to 5 (always). Total scores range from 0 to 100, with a higher score representing greater pain-related anxiety. This study used a Korean version of the PASS-20 which has been shown to have adequate reliability and validity [24] .
The Sleep Quality Scale (SQS) [25] is a 28-item selfreport measure designed to assess sleep quality. Each item is rated on a four-point scale ranging from 0 (rarely) to 3 (almost always). Total scores range from 0 to 84, with a higher score representing lower sleep quality. This study used a Korean version of the SQS which has been shown to have adequate reliability and validity [25] .
Statistical analysis
The SPSS 18.0 for Windows software was used for the analyses. In order to explore the factor structure of the SHI, we performed an exploratory factor analysis (EFA) using principal component with varimax. Although rules of thumb regarding sample size for EFA have not yet been established, one common rule of thumb is a sample size of at least 100 [26] and another is a subject-to-item ratio of 10:1 [27] . Given this, the sample size (N = 161) of the present study appeared to be minimally acceptable. The number of factors was retained based on eigenvalues, scree test, and parallel analysis using the mean eigenvalues and 95th percentile eigenvalues. Using eigenvalues greater than 1 has been considered to be the least accurate method for factor retention and thus, this study also employed alternative methods such as scree test and parallel analysis [28] . Also, only items with a factor loading of .32 or greater were retained. Tabachnick and Fidell [29] recommended .32 for a minimum factor loading, indicating that there is approximately 10% overlap in variance with the other items in that factor. An item loaded less than .32 or a cross-loading item was not retained. The final derived factor solution was then used for subsequent reliability and validity analyses. Cronbach's alphas and intraclass correlation coefficients (ICC (2, 1)) were computed to investigate internal consistency and 2-week test-retest stability of the SHI subscale and total scores, respectively. Measurement error was estimated using standard error of measurement (SEM) and minimum detectable change (MDC) of the SHI total and subscale scores. These were calculated by the following formulas: SEM = SD√(1-r), where SD is the baseline standard deviation of the measurement and r is the 2-week testretest stability coefficient and MDC = 1.96*√2*SEM. For concurrent validity, Pearson correlations were calculated between the SHI and outcome measures including background variables. Dummy coding was used to represent a categorical variable (i.e., sex; male coded 0, female coded 1). Given the number of correlations, a p value was adjusted (i.e., p < .006) for more conservative prediction [30] . Also for the incremental validity of the SHI over and above background variables, pain intensity, depression, and pain-related anxiety, a hierarchical multiple regression was performed in relation to sleep quality (dependent variable). In each equation, participants' age, sex, education, and pain duration were controlled first, and pain intensity, depression, and pain-related anxiety were controlled next, followed by the two subscales of the SHI entered in the final step.
Results
EFA using principal component with varimax rotation was performed. The scree plot indicated that a 2-factor model was optimal. Both factors had eigenvalues greater than 1. The parallel analysis also indicated a 2-factor model and thus, 2-factor model was retained. All of the items were saliently loaded on either factor, except items 4 and 8. Specifically, item 4 was not saliently loaded on either factor and item 8 was saliently loaded on both factors. Thus, these items were excluded in the subsequent analyses. The 2-factor model accounted for 40.01% of the total variance (43.23% after excluding items 4 and 8) ( Table 2) , and the correlation coefficient among the factors was .31, p < .001 (.34 after excluding items 4 and 8), indicating a significant relationship among the factors. Considering the characteristics of the items loaded on each factor, factor 1 was labeled as 'sleep disturbing behavior and environment (B/E)' (e.g., I use alcohol, tobacco, or caffeine within 4 hours of going to bed or after going to bed) and factor 2 as 'irregular sleep-wake schedule' (e.g., I get out of bed at different times from day to day). Table 3 presents the factor loadings and item communalities of the 2-factor model. Table 4 presents descriptive statistics for the two subscale and total scores of the SHI and Table 5 presents the Cronbach's α, ICC (2, 1), SEM, and MDC for the sleep disturbing B/E subscale, irregular sleep-wake schedule subscale, and total score. Table 6 presents descriptive statistics of the NRS, CES-D, PASS-20, and SQS. The data were all normally distributed except sex, education, and pain duration. However, given that Pearson's correlation does not assume normality [31] and a non-parametric test (Spearman rank correlation) showed the similar results, we evaluated the relationship among all of the variables using Pearson's r. Table 7 presents Pearson correlations between the SHI and outcome measures including background variables. Findings for background variables were mixed. Age was significantly negatively correlated with both subscales and total scores of the SHI, indicating younger individuals reported poorer sleep hygiene. Neither the subscale nor total scores of the SHI were significantly correlated with sex, education level, and pain duration. Findings for the four outcomes were also mixed, partly supporting the hypotheses. Greater depression and pain-related anxiety were significantly positively correlated with more irregular sleep-wake schedule and total score, but not sleep disturbing B/E. Sleep quality was significantly positively correlated with both subscales and total score of the SHI. Neither the subscale nor total scores of the SHI were significantly correlated with pain intensity. Incremental validity of the SHI over and above background variables, pain intensity, depression, and pain-related anxiety was further examined using hierarchical multiple regressions of the two subscales of the SHI in relation to sleep quality (dependent variable). The assumptions of multiple linear regression (i.e., linearity, independence of errors, homoscedasticity, multicollinearity, normality of errors) were satisfied. Generally, the finding indicated significant overall relation in the equation. Two subscales of the SHI added a significant increment in explained variance in the equation (ΔR 2 = .02, p < .05). In the final step, the regression coefficients for irregular sleepwake schedule (β = −.67, p < .05), but not for sleep disturbing B/E (β = .17, n.s.) were significant in the equation (Table 8 ).
Discussion
This present study aimed to extend a prior psychometric investigation of the SHI which assessed the reliabilities and concurrent validity in a nonclinical sample [18] . Specifically, we evaluated the factor structure, measurement error, and incremental validity as well as the reliabilities and concurrent validity of the SHI in a sample with chronic pain. Results from the present study indicated that two-factor solution is most appropriate, accounting for 43.23% of the variance. We interpreted the two factors as indicative of sleep disturbing B/E (7 items) and irregular sleep-wake schedule (4 items). Results also showed that the internal consistencies and test-retest stability estimates of the SHI subscale and total scores were deemed acceptable and relatively high compared to the prior study [18] . At the 95% confidence level, the MDCs were 5.75 for 'sleep disturbing B/E', 3.65 for 'irregular sleep-wake schedule', and 7.49 points for total. Changes over and above these points after intervention would likely not be measurement error. Correlation analyses showed that age is negatively correlated with both subscales and total scores of the SHI. Overall, these findings suggest that younger people tend to show worse sleep hygiene. Depression and pain-related anxiety were positively correlated with the irregular sleepwake schedule subscale and total scores of the SHI, suggesting that greater depression and pain-related anxiety are associated with worse sleep hygiene (especially regarding the aspect of irregular sleep-wake schedule). Both subscales and total scores of the SHI were positively correlated with sleep quality, suggesting that poorer sleep hygiene is associated with poorer sleep quality, which is consistent with prior studies [18] . Neither the subscale nor total scores of the SHI were significantly correlated with pain intensity. These findings suggest that pain may not be directly related to sleep hygiene. Instead, given that pain has been often considered to produce depression and pain-related anxiety [34] , pain may be indirectly related to sleep hygiene. Further studies may benefit from examining possible interactions between pain intensity and depression and/or pain-related anxiety, in their relations with sleep hygiene.
In terms of incremental validity in relation to sleep quality, two subscales of the SHI added a significant increment in explained variance in the equation. Also, sleep quality was significantly predicted by the irregular sleep-wake schedule subscale only, over and above background variables and some primary factors affecting sleep quality (i.e., pain intensity, depression, pain-related anxiety) in PCP. This finding suggests the unique contribution of sleep hygiene to sleep quality and provides evidence for relative importance of sleep-wake schedule over sleep disturbing B/E in sleep quality of PCP. In fact, many PCP develop an irregular sleep-wake pattern through pharmacological and/or behavioral factors [35] . For example, PCP often take multiple medications and some of these (e.g., opioid and benzodiazepines) change their sleep-wake schedule. Also, many PCP fail to maintain a consistent daily activity pattern and spend considerable time in bed or inactive. More specifically, they may be in bed or inactive during episodes of severe pain.
On the other hand, in response to some pain relief, they may overdo things that they were unable to do during the episodes of severe pain. This often leads to increases in pain followed by a few days of bed rest or inactivity for recovery. As a result, their sleep-wake schedule can be impaired, leading to poor sleep quality [35] . This present study has at least four limitations. First, although the process of translation/backtranslation was performed, it did not fully meet the guidelines for the process of cross-cultural adaptation of self-report measures [36] .
Thus, items of the translated SHI may not be identical in meaning with those of the original SHI. Insufficient equivalence in meaning is more likely to limit the comparability of responses across different languages or cultures [36] . Second, although the sample size of this present study appeared to be minimally acceptable for EFA, a larger sample can help obtain a more stable solution [37] and increase generalizability to the population [38] . Third, this present study did not evaluate responsiveness of the SHI and cannot provide the criterion for clinically relevant change. Thus, responsiveness of the SHI scores to interventions should be evaluated in further research for the use of the SHI as a sign of changes in PCP. Finally, this present study employed a cross-sectional design and was composed of patients with diverse pain complaints, attending a tertiary pain center. Thus, causal relations among variables cannot be inferred and the findings may not generalize to other pain population (e.g., fibromyalgia, complex regional pain syndrome) or other settings (e.g., primary or secondary care clinic).
Conclusions
The findings of this present study suggest that the SHI can be a useful research or clinical assessment tool for evaluating sleep hygiene to guide case formulation, treatment planning, or process analysis of intervention in pain centers. This present study provided evidence for the factor structure, reliability, measurement error, and concurrent and incremental validity of the SHI in PCP. However, given that this present study was the first attempt to validate the SHI in a sample with chronic pain, its application in clinical settings should come after further studies, including its utility in clinical decision support and aid in developing further treatment. Irregular sleep-wake schedule -.67 * .02 * .63 *** Note: *p < .05, ***p < .001. SHI: Sleep Hygiene Index; B/E: behavior and environment. Sex, education, and pain duration were not normally distributed. Thus, normality was further checked through histograms of the standardized residuals [32] , and Q-plots and P-plots [33] . These tests supported the assumption of normality. 
